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Abstract. We present an analysis of 40 cool helium-rich 
white dwarfs found in the Hamburg/ESO survey. They 

■ were selected for follow-up spectroscopy because of their 
U — B colour below -0.18, the absence of strong absorp- 
tion lines, and a continuum shape similar to that of a 
quasar. Effective temperatures for individual stars were 
determined by fitting model atmospheres of nearly pure 
helium with a small admixture of hydrogen. As a conse- 
quence of the selection criteria all but one sample stars 
have T e ff below 20000 K. Four stars clearly show helium 
and hydrogen lines in their spectra. In the spectra of an- 
other three, helium, hydrogen, and metal lines can be de- 

■ tected. For these stars hydrogen and metal abundances 
were also determined by fitting appropriate model at- 
mospheres containing these elements. Seven sample stars 
most likely have helium-rich atmospheres but do not show 
any helium lines. They either have featureless spectra or 
show calcium lines. 

Key words: surveys - stars: fundamental parameters - 
white dwarfs 



Table 1. Journal of observations 



Date 


Tel. 


Instr./CCD 


Grism 


Resol. 








Grat. 


[A] 


Dec 1990 


3.6 m 


EFOSC1/RCA 


B300 


26 


Apr 1991 


3.6 m 


EFOSC1/RCA 


B300 


26 


Feb 1992 


2.2 m 


EFOSC2/Tek 


#1 


40 


Feb 1992 


3.6 m 


EFOSCl/Tek 


B300 


16 


Apr 1992 


3.6 m 


EFOSCl/Tek 


B300 


19 


Sep 1992 


3.6 m 


EFOSCl/Tek 


B300 


21 


Mar 1993 


3.6 m 


EFOSCl/Tek 


B300 


21 


Mar 1993 


1.52 m 


B&C/LORAL 


#2 


15 


Feb 1994 


1.52 m 


B&C/LORAL 


#16 


8 


Sep 1994 


3.6 m 


EFOSCl/Tek 


B300 


21 


Nov 1994 


1.52 m 


B&C/LORAL 


#13 


15 


Oct 1995 


1.52 m 


B&C/LORAL 


#13 


15 


Mar 1996 


1.52 m 


B&C/#39 


#13 


15 


Oct 1996 


1.52 m 


B&C/#39 


#13 


15 


Oct 1997 


1.52 m 


B&C/#39 


#13 


15 


Sep 1998 


1.52 m 


B&C/#39 


#13 


15 


Nov 1998a 


1.54m 


DFOSC /LORAL 


#4 


10 


Nov 1998b 


1.54m 


DFOSC /LORAL 


#11 


15 


Nov 1998c 


1.54m 


DFOSC /LORAL 


#7 


5 



1. Introduction 



The Hamburg/ESO Survey for bright quasars (HES, Wi- 
19961) 



was initiated^ in 1990 to perform a ct al figgty > and t he Mo ntreal-Cambridge-Tololo survey 



sotzki et al. 

spectroscopic survey, based on digitized objective-prism 
photographs taken with the ESO Schmidt telescope, in 
the southern hemisphere. A nominal area of ~ 9000 deg 2 
in the southern sky is covered with an average limiting 
magnitude on the prism plates of B ~ 17.5. It was con- 
ceived as a complement to the Hamburg Quasar Survey 
(HQS, Hagen et al. 1995), which aims at a complete cov- 



for faint blue objects. Still in progress in the southern 
hemisphere are the Edinburgh-Cape survey (Stobie et al. 
|1997[ ) the Homo genous Bright Quasar Survey (Cristiani 



erage of the northern sky except for the galactic plane. 
Similar surveys have been conducted in the past to search 
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* Based on observations collected at the European Southern 
Observatory, La Silla, Chile. This research has made use of the 
Simbad database operated at CDS, Strasbourg, France, and 
of the Digitized Sky Survey, produced at the Space Telescope 
Science Institute under US Government grant NAG W-2166. 



(Lamontagne et al. 200C) 



The main goal of both the HES and the HQS survey 
is the compilation of a large sample of bright QSOs. In a 
first step QSO candidates are selected by various broad- 
band color criteria and feature detection algorithms ap- 
plied to spectra derived from low resolution scans of the 
prism plates (Wisotzki et al. 2000|) . Since among UV ex- 
cess objects (i.e. U — B < —0.4) less than 10% can be 
expected to be QSOs, the Hamburg Quasar Survey and 
the Hamburg/ESO Survey are also a rich source of white 
dwarfs of various types, and early-type subdwarfs. In a 
recent paper, Homeier et 
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Table 2. Coordinates, magnitudes, cross-references and spectral types, if already existing, for the observed objects. 
Cross-references were taken from the Simbad database and McCook & Sion ( |1999| ). Most of the EC objects are listed 
in Kilkenny ct al. (1997). Details of individual observing campaigns can be found in Table 1. The survey fields, given 
in column "field", are ESO/SERC atlas fields. The Bj magnitudes are accurate to better than CP2. 



Name 




Other Names 


Type 


Campaign 


t[s] 


Field 


a 


(2000) 


5(2000) 


B., 


HE 


0004- 


1452 


PHL665 




98a 


Nov 1.54m 


1800 


607 


00 


06 


36.0 


-14 


36 


14 


17.1 


HE 


0052- 


2511 


CT195 




95 


Oct 1.52m 


900 


474 


00 


54 


46.7 


-24 


55 


29 


17.9 


HE 


0104- 


3056 


c 




94 


Sep 3.6m 


300 


412 


01 


07 


12.4 


-30 


40 


16 


17.3 


HE 


0108- 


3036 






92 


Sep 3.6m 


300 


412 


01 


11 


06.3 


-30 


20 


34 


17.7 


HE 


0122- 


2244 


KUV01223-2245 




97 


Oct 1.52m 


300 


476 


01 


24 


44.6 


-22 


29 


07 


16.8 


HE 


0127- 


3110 


BPM47178, GD1363 


DAH Q 


98a 

92 

98c 


Nov 1.54m 
Sep 3.6m 
Nov 1.54m 


900 
300 
1800 


413 


01 


29 


56.2 


-30 


55 


08 


16.0 


HE 


0149- 


2518 


ft 




97 


Oct 1.52m 


600 


477 


01 


51 


59.5 


-25 


03 


15 


17.1 


HE 


0200- 


ooou 






96 


Oct 1.52m 


ouu 


1 w 

-LOO 


09 


01 


57.9 


-55 


42 


16 


1 7 ^ 
± < .o 


HE 


0203- 


5013 


JL281 d 




96 


Oct 1.52m 


300 


197 


02 


05 


03.1 


-49 


59 


03 


17.0 


HE 


0308- 


1 "31 1 


c 




98b 


Nov 1.54m 


ouu 


fil (S 


uo 


11 


07.2 


-13 


01 


53 


1 7 1 


HE 


0309- 








98c 


Nov 1.54m 


i nnn 

-LUUU 


■ j-t i 


uo 


11 


58.1 


-20 


54 


09 


1 ^ fi 
-LO.U 


HE 


0319- 


4344 






95 


Oct 1.52m 


■hoo 

ouu 


248 


O'i 
uo 


21 


10.1 


-43 


34 


00 


1 7 7 


HE 


0413- 


JOUU 






92 


Feb 2.2m 


^00 
ouu 


ouu 


04 

U^: 


15 


20.6 


-32 


59 


11 


1 <\ Q 


HE 


0423- 


^09 






95 


Oct 1.52m 


yuu 


1 ^7 


04 


24 


32.5 


-54 


55 


38 


1 fi Q 


HE 


0442- 


3027 






96 


Oct 1.52m 


1660 


421 


04 


44 


29.4 


-30 


21 


36 


16.2 


HE 


0446- 


2531 






97 


Oct 1.52m 


480 




04 


49 


01.4 


-25 


26 


36 


1 fi Q 


HE 


0449- 


2554 






98a 

94 

98a 


Nov 1.54m 
Nov 1.52m 
Nov 1.54m 


1 900 
1800 

1 900 

-L^UU 


48^ 


04 


51 


53.8 


-25 


49 


15 


1 (S ^ 


HE 


0453- 


4423 






95 


Oct 1.52m 


Q00 
yuu 


251 


04 


55 


22.8 


-44 


18 


19 


1 fi S 


HE 


0956- 


1121 


F,C!09565— 1 1 91 


DB 


93 


Mar 3.6m 


300 


709 


09 


59 


01.3 


-11 


35 


24 


16.9 


HE 


1002- 


1929 






93 


Mar 3.6m 


^00 
ouu 


^fi7 

JU 1 


1 

1U 


05 


02.8 


-19 


44 


29 


1 7 1 


HE 


1102- 


1850 






93 


Mar 3.6m 


^00 
ouu 


^70 
o / u 


11 


05 


09.2 


-19 


07 


05 


1 7 1 


HE 


1109- 


1953 


FC!1 1 091 —1 953 


DB 


93 


Mar 3.6m 


300 


570 


11 


11 


40.2 


-20 


09 


37 


16.0 


HE 


1128- 


1421 


FP1 1 98^ — 1 491 


DB 


96 


Mar 1.52m 


^00 
ouu 


641 


11 


31 


05.5 


-14 


38 


09 


1 fi 7 


HE 


1128- 


1524 






96 


Mar 1.52m 


^00 
ouu 


641 


11 


30 


51.7 


-15 


41 


26 


1 7 4 


HE 


1130- 


0111 






96 


Mar 1.52m 


300 


858 


11 


33 


25.9 


-01 


28 


30 


17.6 


HE 


1145+0145 






96 


Mar 1 52m 


^00 
ouu 


ooo 


11 


48 


33.6 




28 


59 


1 7 9 


HE 


1146- 


0109 






96 


Mar 1.52m 


300 


858 


11 


48 


51.7 


-01 


26 


12 


17.3 


HE 


1149- 


1320 


PG1149-133, EC11492 


DB2 


92 


Feb 2.2m 


300 


642 


11 


51 


50.5 


-13 


37 


14 


16.1 


HE 


1214- 


2017 






96 


Mar 1.52m 


300 


573 


12 


16 


49.9 


-20 


33 


56 


17.6 


HE 


1243- 


2134 


EC12436-2134 




96 


Mar 1.52m 


300 


574 


12 


46 


18.5 


-21 


50 


57 


16.3 


HE 


1308- 


1458 






91 


Apr 3.6m 


300 


646 


13 


11 


12.9 


-15 


14 


28 


17.2 


HE 


1350- 


1612 






92 


Feb 3.6m 


300 


649 


13 


53 


34.9 


-16 


27 


05 


17.3 


HE 


1352+0026 


PG1352+004 


DB4 


96 


Mar 1.52m 


300 


865 


13 


55 


32.4 


+00 


11 


24 


16.1 


HE 


1409- 


1821 






93 


Mar 3.6m 


300 


578 


14 


11 


48.6 


-18 


35 


04 


15.6 


HE 


1420- 


1914 






96 


Mar 1.52m 


300 


579 


14 


23 


24.1 


-19 


27 


54 


17.3 


HE 


1421- 


0856 






93 


Mar 3.6m 


300 


722 


14 


24 


37.9 


-09 


09 


57 


17.3 


HE 


1428- 


1235 


EC14289-1235 




92 


Apr 3.6m 


300 


650 


14 


31 


39.6 


-12 


48 


56 


15.9 


HE 


2147- 


0950 


C 




98 


Sep 1.52m 


300 


744 


21 


49 


55.7 


-09 


36 


31 


16.6 


HE 


2237- 


0509 


C 




98 


Sep 1.52m 


300 


819 


22 


39 


40.7 


-04 


54 


17 


14.0 


HE 


2237- 


3630 


LHS 3841, LP984-76 




98 


Sep 1.52m 


480 


406 


22 


40 


05.2 


-36 


15 


20 


17.6 



classified as magnetic WD without detectable pola rization in McCook 
polar field strength of 176 MG (Reimers et al 



1996 



Sion (1999), Magnetic white dwarf with a 



mistakenly identified as PHL1201 in Lamontagne et al. 200C 

coincidences with PHL objects (PHL3345, PHL1477, PHL166, PHL363) have been rejected using 
finding charts provided by E. Chavira 



finding chart from Jaidee & Lynga 1997 
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al. (1998) present an analysis of 80 DA white dwarfs 
detected through follow-up observations of the HQS. 
Reimers et al. (|994l |1996|, p.998[) reported on the detec- 



tion of several new magnetic white dwarfs in the HES. A 
summary of helium-rich subluminous stars can be found 
in Heber et al. ( |1996[ ) and an analysis of 47 sdO stars from 
the HQS in Lemke et al. ( |l998j ). 

In this paper we present the analysis of 40 helium-rich 
white dwarfs using LTE model atmospheres. The objects 
have been found in the HES and have entered the quasar 
candidate sample because of U — B < —0.18. Due to the 
high spectral resolution of the HES spectra (~ 15 A at 
H7) , it is possible to identify most of the hot sta rs in the 
quasar candidate sample (see Reimers & Wisotzki 1997 for 
example spectra) by their hydrogen and/or helium absorp- 
tion lines. Featureless, very hot stars can be identified by 
their continuum shape. Therefore, the sample of stars pre- 
sented in this paper is restricted to a temperature regime 
of 10000 K< T eS < 20000 K - as the analysis shows - in 
which neither strong absorption lines of helium nor a con- 
tinuum shape notably different from that of a quasar are 
present. Because it was not possible to make a definitive 
distinction between quasars and stars on the basis of the 
HES objective prism spectra alone, spectroscopic follow- 
up observations have been performed. 



3.1. Models 

In order to derive effective temperatures the observed 
spectra have been fitted to model spectra of nearly pure 
helium atmospheres with a small admixture of hydrogen 
(10~ 6 relative to helium by number) covering a temper- 
ature range from 10000 K to 35000 K in 250 K steps up 
to 16000 K, in 500 K steps between 16000 K and 20000 K, 
and 1000 K steps above 20000 K. log g was given between 
7.75 and 8.5 in 0.25 dex increments. Between 16500 K 
and 20000 K we extended the grid to log g = 9. Hei line 
profiles were calculated with our LTE atmosphere codes 
(see Finley et al. 1997 for a recent description) in which 
the improved He 1 line broadening theory of Beauchamp 
et al. (1997) was implemented. These Stark profiles have 
been calculated for temperatures ranging from 10000 K to 
40000 K and consider broadening by ions and electrons. 
Line broadening by neutral perturbers, which becomes im- 
portant at lower temperatures, was not included in our cal- 
culation of line profiles. This might lead to some uncertain- 
ties. However, a temperature determination from the con- 
tinuum slopes of HE 0446-2531 and HE 0449-2554, for 
which we have absolutely calibrated flux spectra, showed 
the deviation in T e g to be less than 1000 K at tempera- 
tures of about 12000 K. 



2. Observational data 



3.2. Determination of T c \ 



In Table | and Table | we summarize the follow-up spec- 
troscopy and give coordinates, magnitudes, names from 
other surveys, and spectral types, if already existing, for 
the observed helium-rich white dwarfs. The instruments 
used for spectroscopy were the ESO Faint Object Spec- 
trograph and Camera (EFOSC), the Danish Faint Object 
Spectrograph and Camera (DFOSC), and the Boiler & 
Chivens Spectrograph (B&C). A # in Table refers to 
ESO numbering of grisms, for which details can be found 
in the according telescope manuals. In general a spectral 
range between about 3800A and 7000A up to 9000A is 
covered with resolutions between about 100 to 500 A/mm. 
The coordinates have been derived from the Digitized Sky 
Survey I (DSS-I). Therefore, finding charts can easily be 
obtained from the online DSS-I. Magnitudes are given as 
Bj magnitude, which is defined by the sensitivity curve 
of the hyper-sensitized Kodak Illa-J emulsion combined 
with the filter function of a Schott BG395 filter. Bj is 
roughly equal to B for objects around B — V = and 
accurate to better than ± 0™2 for all sample stars. 

The spectra of all DB white dwarfs are depicted in 
Fig. to | The spectra of DBA and DBAZ white dwarfs 
can be found in Fig. ^ and Fig. pi respectively, and the 
spectra of the DZ, DQ, and DC white dwarfs are summa- 
rized in Fig. [(]. 

3. Spectral analysis 



Effective temperature and log g were determined in a x 2 
fitting procedure based on a Levenberg-Marquard algo- 



rithm (cf. Press et al. 1992) by comparison of Hei line pro- 



files with synthetic spectra from the He/H atmospheres. 
The method is very similar to that described in detail in 
Homeier et al. ( |1998D . 

We started the fitting procedure with both tempera- 
ture and log g as a free parameter. However, at the given 
data quality the dependence on log g turned out to be 
rather small, and it was thus not possible to determine it 
unambiguously. In most cases a higher log g could be com- 
pensated by a higher temperature, and vice versa, with 
roughly the same % 2 value. Furthermore, systematic ef- 
fects like small differences in the starting values for T e g 
and log g might change the solution by much more than 
the statistical errors. We therefore determined T e g for log g 
fixed to 8, too. Comparison of temperatures derived from 
fits with logg as free parameter and fixed to 8 only re- 
vealed small differences, which could often be regarded as 
equal within their statistical errors. This is reflected by 
the mean of all fitted logg values of 8.15±0.24. In Table |^ 
we have compiled the results of our analysis. The given 
errors for temperatures and log g are formal statistical er- 
rors from the covariance matrix of the fit, which do not 
reflect any systematic errors. As has been discussed by 
ma ny au thors using similar meth ods (see e.g. Homeier et 
al. 1998 ; Napiwotzki et al. 199S ), external errors can be 
higher by a large factor. 
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Fig. 1. DB white dwarfs 
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Fig. 2. DB white dwarfs (cont.) 
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Fig. 3. DB white dwarfs (cont.) 



3. 3. Determination of hydrogen and metal abundances 

As for the DB stars, T e s was determined for DBA and 
DBAZ white dwarfs by comparing Hei line profiles with 
those from synthetic spectra of our He/H atmospheres. We 
did not perform selfconsistcnt calculations with hydrogen 
and metal lines already included in the atmospheres. In 
the next step model atmospheres for the derived effec- 
tive temperatures were calculated which contain calcium 
and/or hydrogen in estimated amounts for the respective 
star. The resulting temperature and pressure stratifica- 
tion was then used to compute detailed synthetic spec- 
tra with varying calcium and/or hydrogen abundances. 
For HE 0446—2531 also magnesium and iron were consid- 
ered. Abundances were then obtained by comparison of 
observed equivalent widths and line profiles to those from 
the synthetic spectra. Unless otherwise mentioned, equiv- 
alent widths of Ha, H/3, and H7 were determined between 
6543 A and 6583 A, 4841 A and 4881 A, and 4310 A and 



4370 A, respectively; equivalent widths of the Can dou- 
blet were determined between 3890 A and 3990 A. 

When comparing HE 0446-2531 and HE 0449-2554, the 
great difference in calcium abundances (approximately a 
factor of 30) is surprising because temperatures are sim- 
ilar, and equivalent widths differ only by a factor of 2. 
However, their hydrogen abundances also differ by about 
a factor of 20. This affects the atmospheric structure since 
hydrogen contributes electrons, and changes the opacity. 
In turn the changed atmospheric structure does influence 
the line spectrum. 

4. Discussion of individual objects 

4-1. DB white dwarfs 
4.1.1. HE 0127-3110 

HE 0127—3110 was observed several times during the 
follow-up observations performed for the HES: Spectra 
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were obtained in September 1992 (used here), September 
1994, November 1994, and November 1998. Spectra from 
1994 show broad absorption troughs, varying in depth and 
profile, whereas the September 1992 spectrum resembles a 
DB spectrum. After a careful inspection of individual tele- 
scope pointings to exclude the accidental observation of a 
different star, we conclude that HE 0127—3110 is variable. 

The only common feature of all spectra is an absorp- 
tion line at 5876 A which can be attributed to Hei. The 
broad absorption features in the spectra of 1994 led to 
the classification as a magnetic DA white dwarf with a 



polar field strength of 176 MG (Reimcrs et al. 1996). In 
this scenario the putative Hei line at 5876 A is due to 
a hydrogen Ha component (2sq — * 3po), which becomes 
stationary only at a field strength of 235 MG with a min- 
imum wavelength of 5830 A. It is interesting to mention 
that HE 2201—2250, whose spectrum looked almost iden- 
tical to the 1994 spectra of HE 0127-3110 (Reimers et al. 
1996] ), meanwhile also changed its spectroscopic appear- 
ance to a DB white dwarf. A detailed discussion will be 
published in a forthcoming paper. 



4-2. DBA white dwarfs 

4.2.1. HE 1002-1929 and HE 1102-1850 

In the spectra of HE 1002-1929 and HE 1102-1850 
the Ha line is clearly visible with equivalent widths of 
(3.6 ± 1) A and (2.4 ± 0.6) A, respectively. The H/3 line 
(W(A)=(1.1±0.6)A) can be detected only in the spectrum 



of HE 1102—1850, despite the larger equivalent width of 
Ha in HE 1002—1929 and a similar temperature. From 
the equivalent widths we calculated hydrogen abundances 



of (5I2) • 10~ 5 and (2Ii) • 10~ 5 for HE 1002-1929 and 
HE 1102—1850, respectively. Metal lines could not be de- 
tected. 



4.2.2. HE 2147-0950 and HE 2237-0509 

HE 2147-0950 and HE 2237-0509 show absorption fea- 
tures at the position of Ha with equivalent widths of 
(3.5 ± 0.5) A and (3.4 ± 1.0) A, respectively. Because both 
spectra are very noisy, this should be taken with caution. 
The measured equivalent widths would correspond to hy- 
drogen abundances of (4 ± 2) • 10~ 5 and (6 ± 4) • 10~ 5 , 
respectively. 

4-3. DBAZ white dwarfs 
4.3.1. HE 0446-2531 

The most prominent lines in the November 1998 spec- 
trum of HE 0446—2531 are hydrogen lines of the Balmer 
series up to H7, the Hei line at 4471 A and a somewhat 
weaker Hei line at 5876 A. The October 1997 spectrum is 
too noisy to let the Balmer lines be discerned. Equivalent 
widths for Ha and H/3 were determined between 6530 A 
and 6590 A, and 4820 A and 4885 A, respectively. Together 
with the equivalent width of H7 they result in a hydrogen 
abundance of (7j^) • 10 -4 . The equivalent width of the cal- 
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Table 3. Results from the temperature and \ogg determination and derived spectral types for the analyzed stars. 
Equivalent widths are given in An gstrom 



Name 




Type 


T c tt 


logs 


T efI for 
log g = 8 


Remarks 


HE 0004- 


1452 


DB 


16800+100 


8.17+0.06 


16700+100 




HE 0104- 


■3056 


DB 


12600+320 


8.11+0.30 


12500+580 




HE 0108- 


■3036 


DB 


13600+260 


8.36+0.21 


13200+430 




HE 0127- 


■3110 


DB 


13800+120 


8.48+0.09 


13500+130 


variable (?), possibly magnetic 


HE 0149- 


■2518 


DB 


16900+280 


8.21+0.17 


16500+310 




HE 0200- 


■5556 


DB 


18500+250 


8.26+0.12 


17900+230 




HE 0203- 


-5013 


DB 


16200+310 


8.37+0.20 


16000+290 




HE 0308- 


■1313 


DB 


18000+170 


8.90+0.20 


18000+350 




HE 0319- 


-4344 


DB 


18400+710 


7.82+0.39 


18600+800 




HE 0413- 


■3306 


DB 


16600+70 


7.80+0.05 


16700+70 




HE 0423- 


-5502 


DB 


15600+200 


8.12+0.14 


15500+200 




HE 0446- 


-2531 


DBAZ 


12600+250 


7.77+0.23 


12600+280 


W(A)=50.7l^/54.3 ± 5 (Can, Oct97/Nov98), 
W A =8.6 ± 1 (Ha), W(A)=4.7 ± 0.5 (H/3), 
W(A)=2.9^ ( ^ (H 7 ) 


HE 0449- 


-2554 


DBAZ 


12500+220 


8.23+0.15 


12200+290 


W(A)=25.0t§/22.8t§ (Can, Nov94/Nov98) 
W(A)=2.8±0.5 (Ha) 


HE 0956- 


-1121 


DB 


18800+90 


8.02+0.04 


18400+80 




HE 1002- 


-1929 


DBA 


16500+100 


8.26+0.06 


16200+100 


W(A)=3.6±1 (Ha) 


HE 1102- 


-1850 


DBA 


17000+100 


8.25+0.06 


16700+120 


W(A)=2.4 ± 0.6 (Ha), W(A)=1.1 ± 0.6 (H/3) 


HE 1109- 


-1953 


DB 


17100+70 


7.85+0.04 


17000+60 




HE 1128- 


-1421 


DB 


16900+240 


8.04+0.14 


16600+240 




HE 1128- 


-1524 


DB 


26800+1420 


8.33+0.16 


27800+1120 




HE 1130- 


-0111 


DB 


15000+300 


8.00+0.19 


15100+330 




HE 1145+0145 


DB 


16900+250 


8.02+0.15 


16600+250 




HE 1149- 


-1320 


DB 


17300+120 


8.07+0.07 


17600+130 




HE 1214- 


2017 


DB 


16700+200 


8.05+0.12 


15700+210 




HE 1243- 


-2134 


DB 


13800+240 


8.44+0.15 


13300+280 




HE 1308- 


1458 


DB 


19500+190 


8.35+0.07 


18800+170 




HE 1350- 


-1612 


DBAZ 


15000+80 


8.28+0.06 


14600+90 


W(A)=8 ± 1 (Can), 

W(A)— 2.2_ 5 (Ha), W(Aj — 1 ± 0.5 (Hp) 


HE 1352+0026 


DB 


15700+150 


8.09+0.10 


1 ^400+1 70 




HE 1409- 


-1821 


DB 


18400+110 


7.88+0.06 


looUUztloU 




HE 1420- 


1914 


DB 


17900+220 


8.24+0.12 






HE 1421- 


-0856 


DB 


17100+90 


7.84+0.05 


1 70004-00 




HE 1428- 


-1235 


DB 


19500+50 


7.87+0.02 


1 Q^OO-l-ftO 




HE 2147- 


-0950 


DBA 


14600+220 


8.17+0.13 


14100+410 


W(A)=3.5±0.5 (Ha) 


HE 2237- 


0509 


DBA 


13300+360 


8.34+0.27 


12900+380 


W(A)=3.4±1 (Ha) 


Possible helium- 


-rich stars without helium lines 






HE 0052- 


2511 










possibly DC or magnetic 


HE 0122- 


-2244 


DZ 






iooooIS 


W(A)=18.4±3/19.0 ± 2 (Can, Oct97/Nov98) 


HE 0309- 


-2105 


DC 










HE 0442- 


-3027 










possibly DC or DQ 


HE 0453- 


-4423 


DC 










HE 1146- 


-0109 


DQ 








C2 bands 


HE 2237- 


-3630 


DC 








binary 



cium doublet was determined between 3850 A and 4050 A 
to comprise the whole doublet. This is justified because the 
He 1 line at 4026 A is to weak to significantly contribute. 
The calcium abundance derived from an equivalent width 
of (52.5^6) A (unweighted mean from the October 97 and 
November 98 spectrum) amounts to (2 ± 1) • 10~ 6 . At 



3704 A, 3735 A, 3834 A, and 5170 A lines can be detected, 
which are most probably due to neutral magnesium and 
neutral as well as ionized iron. With this assumption we 
derive abundances of (2±?) • 10~ 6 and (2 ± 1) • 10~ 6 for 
magnesium and iron, respectively. 
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Fig. 5. DBAZ white dwarfs 



4.3.2. HE 0449-2554 

Since the November 94 spectrum is very noisy HE 0449- 
2554 was reobserved in November 1998. Besides the dou- 
blet of calcium at 3934 A and 3968 A already seen in the 
November 94 spectrum, the new spectrum clearly shows 
an Ha line. At 4471 A and 5876 A also weak features can 
be spotted. They are consistent with line depths and line 
strengths of corresponding He I lines in a synthetic spec- 
trum with T e ff = 12200 K. The equivalent width of the 
Ha line ((2.8 ± 0.5) A) corresponds to a hydrogen abun- 
dance of (3 ± 1) • 10~ 5 . The unweighted mean equivalent 
width of the calcium doublet from both observing runs 
(23.9+JA) was taken to determine a calcium abundance 
of (7 ±2) • 10~ 8 . 



Table 4. Element abundances (relative to helium) for the 
DBA, DBAZ, and DZ white dwarfs 



object 



Type 



H 

io-' 



Mg 
10" 



Ca 
10 -8 



Fe 
10" 6 



HE 0122- 


-2244 


DZ 






04+ - 01 


HE 0446- 


-2531 


DBAZ 


7f) +30 
' u -20 




200 ± 100 2 ± 1 


HE 0449- 


-2554 


DBAZ 


3± 1 




7± 2 


HE 1002- 


-1929 


DBA 


c+5 
°-2 






HE 1102- 


-1850 


DBA 


2t? 






HE 1350- 


-1612 


DBAZ 


2± 1 




20±™ 


HE 2147- 


-0950 


DBA 


4± 2 






HE 2237- 


-0509 


DBA 


6±4 







With an effective temperature of 14600±90K, this star is 
one of the very few DBAZ stars in the temperature range 
of about 15000 K, where Hei lines make temperature de- 
terminations reliable. The only other such star known is 

1999j ~ 



HS 2253+8023 (Friedrich et al. |199jffi |1999bQ , and per- 
haps GD40, with a published equivalent width of Ha of 
lA (Greenstein & Liebert 1990). Hydrogen and calcium 
abundances determined from equivalent widths amount to 
(2 ± 1) • 10~ 5 and (2±J-jj) • 10~ 7 , respectively. 



4-4- DZ white dwarfs 
4.4.1. HE 0122-2244 

The Can doublet at 3934 A/3968 A and an otherwise fea- 
tureless spectrum classify HE 0122—2244 as a DZ white 
dwarf. An approximate temperature of IOOOOI^qqq K for 
logg = 8 was determined from the continuum slope of 
the photometric November 98 spectrum. For this temper- 
ature the equivalent width of the Call doublet (18. 7^ A, 
unweighted mean) corresponds to a calcium abundance of 
(Atl) • 10- 10 . 



4-5. DC and DQ white dwarfs 
4.5.1. HE 0052-2511 

Weak flux depressions at 5000 A and 6300 A are the only 
features in the observed spectral range from 3500 A to 
9200 A. Therefore, this star might be of type DC, or pos- 
sibly a magnetic white dwarf. If this star is magnetic, 
the main constituent of its atmosphere could be helium, 
because helium, contrary to hydrogen, has no stationary 
components and hence has no detectable features over a 
wide range of field strengths (Schmelcher, priv.comm.). 



4.3.3. HE 1350-1612 

In addition to Hei lines also Ha, H/3, and the Can dou- 
blet at 3934 A and 3968 A can be detected in the spectrum. 



4.5.2. HE 0309-2105 



HE 309—2105 was already observed by Sefako et al. 
([1999D . On the basis of its colours (B — V = 0.10 ± 0.05, 
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Fig. 6. DZ, DQ, and DC white dwarfs 



U - B = -0.08 ± 0.05) derived from UBV photometry 
they were not able to classify the object. However, our syn- 
thetic colours derived from prism plates of the HES and 
confirmed by spectroscopy yield B — V = — 0.10 ± 0.08 
and U — B = —0.88 ± 0.08, respectively, which place 
HE 0309—2105 well in the regime of white dwarfs in the 



two-colour diagram. Together with its featureless spec- 
trum it is therefore classified as DC. 
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4.5.3. HE 0442-3027 

C2 bands might be the reason for weak flux depressions at 
4700 A and 5100 A. Therefore, HE 0442-302 might rather 
be a DQ than a DC. 

4.5.4. HE 1146-0109 

HE 1146-0109 displays strong C 2 bands at 4670 A and 
5140 A. Since no other features can be detected in the 
spectrum, the star is classified as DQ. 

4.5.5. HE 2237-3630 

This star has a composite spectrum, which shows no clear 
features bluewards of 5800 A, and strong TiO bands red- 
wards of 5800 A. There are hints for absorption features 
at 3730 A and 4026 A, which could be attributed to he- 
lium, and one at 5170 A, which could possibly be due to 
magnesium and iron. We assume that HE 2237—3630 is 
a binary star with a helium-rich white dwarf component 
and a M-dwarf component. 

5. Discussion 

We have presented a model atmosphere analysis of cool 
helium-rich white dwarfs found in the Hamburg/ESO sur- 
vey for which follow-up spectroscopy has been performed. 
Since the selection critcrium for these stars was confined 
to a continuum slope similar to QSOs, and no strong ab- 
sorption lines, this sample of helium-rich white dwarfs is 
biased towards T e ff below 20000 K. 

Among the 33 analyzed DB stars, we found 4 DBA, 
if we include HE 2147-0950 and HE 2237-0509 with a 
somewhat uncertain identification of Ha, and 3 DBAZ 
stars; hence, a fraction of 21% in our sample shows traces 
of hydrogen . Thi s is consistent with the findings of Ship- 
man et al. ( 1987 ), who found 19% DBA white dwarfs in 
their complete sample of cool DB stars from the Palomar- 
Green survey. 

Especially the DBAZ stars are important in the con- 
text of the ongoing discussion of accretion of hydrogen and 
metals from the interstellar medium. Since the diffusion 
times of metals in helium-rich atmospheres are short com- 



pared to evolutionary time scales (Paquette et al. 1986), it 
is generally accepted that metals cannot be of primordial 
origin but must be accreted from the interstellar medium. 
Compared to the accretion-diffusion model of Dupuis et 
al. (1992, 1993a, 1993b] ), which predicts element abun- 
dances in cool white dwarf atmospheres in consideration 
of accretion from the interstellar medium, the derived Ca 
abundances for the DBAZ stars found and the magne- 
sium and iron abundance for HE 0446—2531 are consis- 
tent with accretion in solar element proportions at high 
accretion rates. For HE 0446—2531 it is also possible to 
determine metal-to-metal ratios. Whereas the Fe/Mg ra- 
tio falls within the predicted range, the Fe/Ca and Mg/Ca 



ratios are below their respective lower limits, but given the 
large errors they might still be compatible with accretion 
in solar element proportions. 

Contrary to the metals, which sink down in the at- 
mospheres and disappear very rapidly, hydrogen has the 
tendency to float on top of a helium-rich atmosphere. It 
is therefore accumulated with time in the surface layers. 
Thus one would expect a metal-to-hydrogen ratio, which is 
below the solar value. As already observed in ot her hcl ium- 
rich metal-line white dwarfs (see Dupuis et al. 1993b for a 
compilation) the Ca/H ratio is larger by a factor of 10 3 to 
10 4 than the solar value for the new DBAZ stars, support- 
ing the hypothesis that accretion of hydrogen is somehow 
reduced compared to accretion of metals. The mechanism 
most widely discussed for this "hydrogen scree ning" is the 
propeller mechanism of Illarionov & Sunyaev (1975), orig- 
inally developed for accretion of interstellar matter onto 
neutron stars. Wesemael & Truran ( 1982j) first discussed it 
in the context of white dwarfs. They proposed that metals 
are accreted in the form of grains onto a slowly rotating, 
weakly magnetized (10 5 G) white dwarf, whereas ionized 
hydrogen is repelled at the Alfven radius. However, it re- 
mains to be demonstrated that the necessary conditions 
for rotation, magnetic field and hydrogen-ionizing radia- 
tion are fulfilled to make the propeller mechanism operate. 
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